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Motivation

» The BEPCII upgrade aims to extend the beam energy to 2.8

GeV and optimize the beam parameter at 2.35 GeV. The peak _'BE|'>C|'|_U vé BEPCII A

1x 10%

luminosity is expected to be 1.1 x 1033cm~1s™1. P
L, 8x10%t
‘;Jg

» The consequent high beam background should be controlled = s 107|

within a safety range. ax 102}

Peak lumino:

» Precise beam background simulation and experimental 2x10%

confirmation are necessary for commissioning the beam

Beam energy (GeV)

background of BEPCII upgrade project.



Beam background experiment in 2021

» First beam background experiment in recent years.

» Plan to measure the Touschek background and beam-gas background separately.

» Compare the experimental results with the simulation results to optimize the background simulation

program. 1, -1,
OSB = Stous ’

+ Sgas -1, - P(I) + Sconst’

0,0,0,

y
» Ogp is the total single beam background rate that can be represented by count rate of the MDC,

I = npynen X Ip, and P(I;) is vacuum pressure.
» The constant background is measured without any beam in the storage ring.

» The Touschek and beam—gas backgrounds can be separated by using different bunch currents.
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Beam background experiment in 2021

If * Ib 2 12
Osg = Sious - ——— + Sgas Iy - P(1;) + Sconst

040,0; 1

in5

Touschek

= The nominal total beam current is set to 450 mA; .
e

y=0.659038"x+0.756484

® A clear linear is observed in the distributions of dark *

y=1.296671*x+0.700109

current (in_S5) with respect to the bunch current. The
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Beam background experiment in 2021

= The fit to the count rate in the first layer of the MDC with respect to 5 e

¥ data electron

A data positron

Hz %
3
g

— fit electron

the bunch current for both electron and positron beam.

E 800 --- fit positron
m -
. E 800 __‘—-K'{
= The accumulated count rate of separate background sources in all E
8400
MDC layers when bunch current is 6 mA. | g @
B a
I B S B A

= The Touschek background is dominant in all layers and the beam-— Bunch Current / mA

Touschek electron
BB Touschek positron

N Beam-gas electron

~ | Beam-gas positron

I Constant

gas background occupies a small portion, especially in the outer 1200l

layers.

= The background at first layer of MDC is composed of 75.1%

Touschek, 15.4% beam-gas, and 9.5% constant background.
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Simulation of beam background at BEPCI!
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e Extend input particles to +10m 1.00E400
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data/MC ratio at MDI layer1 to
simulation versions for e beam

e Update MDI geometry with CAD file }

e Set radius of movable collimators from | v By analyzing the experimental data, four versions of the
19mm to 35mm

beam background simulation program have been updated.

v The differences between the program and data are

becoming increasingly smaller.




Simulation of beam background at BEPCI!
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. ] H.C. Shi*, B. Wang*, H.Y. Shi et al., Nuclear Inst. and Methods in Physics
e Set radius of movable collimators from Research, A 1050 (2023) 168174

19mm to 35mm The results of the beam background simulation and

experiment have been published in NIMA.
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Beam background experiment in 2022

= The nominal beam current is 450 mA. Four bunch number (60, 75, 82, and 90) is selected.

= Changing the aperture of movable collimator located at -8.2 m from 35 mm to 32 mm (27 mm), the beam
background increased more than four times. The injection is failed if the aperture is decreased to 22 mm.

= Adjusting the apertures of the other two movable collimators did not noticeably affect the beam background.
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B back d | tin 2022
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= First experiment of movable collimator in 10 years.
= Changing the aperture of movable collimator does not obviously affect the machine’s operation.

= Experimental study on aperture of movable collimator and the beam background.

= Further study requires more experimental data.




Experiment plan in 2023

» The further movable collimator experiment is ongoing.

Lifetime [min]

» Scan the dynamic aperture of collimators to observe the

change of beam background.

IR loss rate [MHz]

» Consider more effects, such as close orbit distortion, life

' = N

25

time, beam size, beam-beam effect, and so on. I e T
PHYS. REV. ACCEL. BEAlr\n/rlnS 24, 081001 (2021)



Summary and next to do

» Two rounds of beam background experiment are collected for optimizing the beam

background simulation.

» The data/MC ratio shows that the Touschek background in simulation is larger than in the

experiment by one to two orders of magnitude.

] More background experiments at BEPCII will be carried out to optimize the simulations.
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Simulation vl -> v2

= Based on experimental data, it is necessary to extend the input particle range from =4m to ==10m for
Geant4 simulation. Due to betaX reaching its maximum value at =4.2m, most background particles are

lost at this point.
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MDI geometry update v2->v3: SAD

—— Touschek
—— 1 Coulomb
=——43 Bremsstrahlung

RIECADIESADHIH fL 12

_E377.9m, 8.2m 3 B ALy, x T A HY

collimator

T 90% H R F -2 AF collimator
Kb



v2->v3: SAD->GAAL R 4L Hh
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MDI geometry update v2->v3: Geant4
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Adjustment of movable collimators
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Lost position and count rate
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